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Bone marrow Mesenchymal Stem Cells in a Hyaluronan Scaffold 
for treatment of an osteochondral defect in a rabbit model
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Purpose: Mesenchymal stem cells (MSC) may result in better quality 
of cartilage repair, reduction of donor site morbidity from cartilage 
harvesting and less hypertrophy of the repair tissue compared to 
autologous chondrocyte implantation. The purpose of this study 
was to evaluate whether MSC in a hyaluronan scaffold (HYAFF 11®)
would induce repair of an osteochondral defect in a rabbit knee, 
and to compare the degree of repair with that obtained with same 
scaffold without cells. 
Methods and Materials: Bone marrow was harvested from the 
posterior iliac crest in 11 New Zealand White rabbits. MSC were 
isolated and cultured in autologous serum for 28 days. The cells were 
transferred to a hyaluronan scaffold 48 hours prior to implantation. 
A 4 mm diameter wide and 1.5 mm deep defect was created in the 
medial femoral condyle of both knees and a scaffold seeded with 
approximately 2 x 106 MSCs was implanted in one knee while an 
empty scaffold was implanted in the contra-lateral knee. After 
24 weeks the rabbits where euthanized and histological sections 
were subjected to semiquantitative and quantitative evaluation by 
observers blinded regarding treatment modality. 
Results: )JHI EFHSFF PG ¾MMJOH PG UIF EFGFDUT XBT PCUBJOFE XJUI
OP TUBUJTUJDBMMZ TJHOJ¾DBOU EJGGFSFODF CFUXFFO UIF UXP USFBUNFOU
modalities. However, there was a tendency towards a better quality 
of the repair in the MSC treated knees. No hypertrophy of the repair 
tissue was seen. 
Conclusions: Stem cells in a scaffold is a promising treatment 
approach, but further studies are needed for deciding on the optimal 
combination of scaffold and cells. 
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Purpose: Although a growing interest has developed in tissue 
engineering for degenerated disc repair, little is known about the 
biology of disc cells. As there is no primary source of disc cells, it has 
been suggested that autologous mesenchymal stem cells (MSCs) 
could be used for regeneration of the disc. However MSCs have also 
been used for treating articular cartilage defects. Thus successful 
use and differentiation of stem or progenitor cells for the disc will 
initially require the characterization of robust phenotypic markers 
which can distinguish disc cells from other load-bearing cartilage 
cells. We have used a comparative proteomic approach in order to 
¾OETQFDJ¾DNBSLFSTPGJOUFSWFSUFCSBMEJTDDFMMT
Methods and Materials: Using 2D Gel Electrophoresis, Western 
blotting and 2D Difference Gel Electrophoresis (DIGE) technology, 
we have compared proteins extracted from the nucleus pulposus 
BOEUIFBOOVMVT¾CSPTVTPGEJTDDFMMT	JTPMBUFEGSPNCPWJOFDBVEBM
intervertebral discs) with that taken from chondrocytes from articular 
cartilage (isolated from bovine metacarpal phalangeal joint). MS/MS 
IBTBMMPXFEUIFJEFOUJ¾DBUJPOPGFYDMVTJWFQSPUFJOTJOFBDIDFMMVMBS
type. 
Results: 2D gels show a number of proteins are expressed by disc 
cells but not by articular chondrocytes and could serve as molecular 
markers. Results also show that markers previously suggested as 
TQFDJ¾DGPSEJTDDFMMTTVDIBT)*'QSPUFJONBZCFJOBQQSPQSJBUF
Conclusions: 5IJT TUVEZ QSPWJEFT NPMFDVMBS NBSLFST TQFDJ¾D GPS
disc cells; these markers will also be helpful in understanding disc 
cell metabolism and therefore useful for any future disc tissue 
engineering.
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stimulation techniques and affects the repair of articular cartilage 
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Purpose: The repair of articular cartilage defect of the knee by 
microfracture and abrasion arthroplasty might involve the function 
of stem or progenitor cells from bone marrow. We hypothesized and 
tested that 1) mesenchymal stem cells (MSCs) are mobilized from 
the bone marrow by these treatment methods and 2) the number of 
MSCs mobilized is different depending on the surgical techniques 
(microfracture versus abrasion arthroplasty) and affects the end 
result of cartilage regeneration. 
Methods and Materials: Full thickness cartilage defect (4 mm in 
diameter, 1 mm in depth) was made on the trochlear notch of 10 
young New Zealand white rabbits (250 gm). Microfracture using 
17 or 21 gauge awl, or abrasion arthroplasty was performed on the 
TUJ¿FT'JSTUTVCDIPOESBMCMPPEBUUIFEFGFDUBSFBXBTBCTPSCFECZ
Gelform® and cells captured were cultured for 12 days for colony 
GPSNJOHVOJU¾CSPCMBTUT	$'6'
BTTBZ4FDPOEMFTJPOTXFSFDPWFSFE
CZBSUJ¾MN® membrane and kept for 3 months to evaluate cartilage 
repair by histology, biochemical and immunohistological analyses. 
Results: More CFU-F was formed by abrasion arthroplasty than by 
microfracture, where 17 gauge awl showed better results than 21 
gauge awl. The regeneration of cartilages was also better in the 
abrasion arthroplasty group showing higher levels of GAG and 
collagen type II than the microfracture group. 
Conclusions: These results suggest that the mobilization of MSCs 
can be affected by exposing area of marrow, which might resulted 
in the better recovery from the cartilage defect when MSC would be 
kept in place by coverage over defect area.
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Purpose: After injury, meniscal lesions fail to heal spontaneously. 
Therefore, cell-based reconstructions of the menisci with scaffolds 
might be a solution for repair. In this study, cultivation of hMSCs on 
bovine collagen type I scaffolds under GMP conditions was evaluated 
XJUISFTQFDU UPDFMMEFOTJUZHFOFQSP¾MFBEIFSFODFQPUFOUJBMBOE
scaffold porosity. 
Methods and Materials: Aspirated human bone marrow from 8 
healthy volunteers (26-43 yrs) was diluted with PBS, carefully 
layered on and separated by Ficoll density gradient centrifugation 
30 minutes, 400 x g, 20°C, no brake. Before seeding the cells to the 
collagen scaffolds they were stained with antibodies (IgG1-FITC, 
CD44-FITC, CD45-FITC, HLA-DR-FITC, IgG1-PE, CD34-PE, CD73-PE, 
CD95-PE, CD105-FITC) to perform FACS analysis. The stem cells were 
seeded with a cell density of 1x106MSCs/cm2 and cultivated on 
bovine collagen type I scaffolds with a pore size of 100 or 250 µm. 
Viability, distribution and phenotype of hMSC cells were analyzed by 
JNNVOP¿VPSFTDFODFTUBJOJOH
Results: After expansion the cultivate hMSC’s demonstrated 
differentiation into three different lineages. The cells strongly 
expressed CD73 (100%), CD95 (99.2%), CD44 (96.6%), HLA-ABC 
(92.0%) and CD105 (83.6%).Moderate expression of HLA-DR (21.5%) 
could be detected whereas no expression was found neither for the 
leukocyte marker CD45 (0.3%) nor the hematopoetic progenitor 
marker CD34 (0.4%) (Fig.2a-h). After seeding on the collagen 
scaffolds the hMSC’s showed a continuous monolayer structure 
after 14 days of cultivation. 
Conclusions: In this study, the hMSCs demonstrated a low capacity 
to migrate into deeper areas of the porous bovine scaffold material 
with a higher tendency for the larger porosity. 
